Social norms have received growing attention as a potential driver for pro-environmental behavior, partly due to ample evidence based on survey data. Using data from a Japanese household survey on energy saving behavior, we estimate a structural model of social interactions that account for methodological issues inherent in survey data, namely: simultaneity, common shocks and nonrandom group selection. We find that the influence of social norms on energy saving behavior is small or insignificant, while estimates from standard methods in the literature are found to be large and highly significant. Our results suggest that evidence in previous survey-based studies may reflect correlation in unobserved characteristics between members in a group, not the influence of social norms.
Introduction
Many environmental issues, such as global warming, overflowing landfills and water scarcity, are primarily, if not exclusively, caused by human behavior (Gardner and Stern, 2002; Lehman and Geller, 2004; Vlek and Steg, 2007) . Although new technologies mitigate environmental impacts from human behavior, efficiency gains from technological progress may not be enough to achieve environmental sustainability. Changes in human behavior, in particular, increasing pro-environmental behavior, seem to be essential (Steg and Vlek, 2009 ).
To encourage pro-environmental behavior, it is important to understand what drives or prevents such behavior. For this purpose, many cross-sectional survey studies have been conducted, mainly in the field of social psychology. One of the intriguing results in the literature is that an individual's pro-environmental behavior is strongly and positively associated with the common behavior of others in his/her social group, i.e., social norms (e.g., Barr, 2007; CorralVerdugo et al., 2002; Dahlstrand and Biel, 1997; Hage et al., 2009; Nolan et al., 2008; Oskamp et al., 1991) .
Loosely speaking, those results are obtained by regressing individual's pro-environmental action or intention on the perception of common action in his/her social group (i.e., a social norm variable), as well as a set of control variables. If the coefficient on the social norm variable is found to be positive and significant, it is interpreted in the literature as evidence that social norms influence individuals' pro-environmental action/intention.
Despite providing insights into the relationship between pro-environmental behaviors of individuals and their social groups, results in those survey studies may not be interpreted as causal. This is because while they treat social norm variables as exogenous, the variables are potentially endogenous. As pointed out in the literature on the identification and estimation of 3 social interactions (e.g., Brock and Durlauf, 2001; Krauth, 2006; Manski, 1993; Manski, 2000; Moffit, 2001) , there are at least two sources of endogeneity. The first is simultaneity. If an individual's behavior is directly influenced by that of members in his/her group, the individual's behavior also influences the group members' behavior. The second source is correlation in unobserved characteristics among members in a social group. If an individual's unobserved characteristics are correlated with those of the group members, the behavior of the members (and hence, the social norm variable) becomes endogenous. Correlation in unobserved characteristics arises due to common unobserved characteristics such as common institutional environments, and/or nonrandom group formation.
This study examines the relationship between social norms and pro-environmental behavior, using survey data on Japanese households with regard to their energy saving behavior. Unlike previous studies in the literature, we attempt to deal with simultaneity and between-peer correlation in unobserved characteristics by using the approach that Krauth (2006) proposed.
This approach estimates a structural model of social interactions where an individual's utility is allowed to depend on the actions of others in his/her social group. A game theoretic framework is used to determine which combinations of choices are possible equilibria; once they are determined, probabilities of observed choices are computed. Identification is achieved by restricting between-peer correlation in unobservables to equal between-peer correlation in observables, that is, the assumption in the spirit of Altonji et al. (2005) .
Unlike reduced-form methods used in the literature, this estimation method allows us to distinguish between the two effects: "the endogenous social effect," wherein an individual's behavior is directly influenced by the behavior of those in his/her social group, and what Manski (1993) called "the correlated effect," wherein individuals in the same social group tend to behave 4 similarly because of common unobserved factors. As will be explained later, distinguishing between these effects is important to predict the impact of an intervention.
Our results show that the influence of social norms on energy saving behavior (i.e., the endogenous social effect) is small or insignificant, while estimates from simple reduced-form methods are found to be large and highly significant as in previous survey-based studies. This suggests that evidence in those studies may mainly reflect the correlated effect, not the endogenous social effect.
The rest of the paper proceeds as follows. Section 2 reviews related works on the relationship between social norms and pro-environmental behavior. Section 3 explains the survey from which we construct the variables for this study and then provides the summary statistics of those variables. Section 4 outlines our econometric framework; we first describe our structural model and then discuss the method for estimating structural parameters of the model. Section 5 presents the estimation results, and the final section concludes.
Literature Review
As "social norms" have more than one meaning, social psychologists argued that differentiating between descriptive social norms and injunctive social norms is important when examining normative social influences (e.g., Cialdini et al., 1990) . Descriptive norms refer to what is commonly done for a given situation (i.e., norms of is) and, in contrast, injunctive norms specify what is approved or disapproved of (i.e., norms of ought). In this study, we focus on descriptive social norms, for which we use the term "social norms."
There are several ways in which social norms can influence individuals' pro-environmental behavior. If an individual is socially unaccepted by others when deviating from social norms, 5 he/she may be inclined to conform to social norms (Gockeritz et al., 2010) . In addition, an individual may use social norms as a guide for his/her own action, especially when uncertain about the cost and environmental effects of that action (e.g., Ek and Soderholm, 2008; Gockeritz et al., 2010; Hage et al., 2009; Nyborg et. al., 2006) . Overall, social norms are expected to positively influence individuals' pro-environmental behavior.
This idea has been examined by a number of cross-sectional survey studies in the following manner. First, the social group with whom an individual may interact is defined. It is usually households in the respondent's municipality, the respondent's neighbors or the respondent's friends. Second, social norms within the social group are measured from a response to a survey item. When energy-saving behavior is examined, for example, the question typically asks "(h)ow often do you think your neighbors try to conserve energy? (1 = never, 2 = sometimes, 3 = frequently, or 4 = almost always)" (e.g., Gockeritz et al., 2010) . Alternatively, the respondent is asked to assess the statement, "I believe that many other households in my municipality try to reduce their use of electricity (1 = disagree completely, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, or 5 = agree completely)" (e.g., Hage et al., 2009) . Finally, as mentioned earlier, a regression is run where the dependent variable is the individual's energy saving action/intention while regressors are the social norm variable as well as a set of control variables.
Previous studies of this type repeatedly found that an individual's pro-environmental behavior is similar to that of others in his/her social group. For example, Nolan et al. (2008) found that among Californians, social norms are positively associated with energy conservation behavior, although respondents do not think of social norms as an important factor in their conservation decisions. Hage et al. (2009) provided evidence that recycling efforts of Swedish households are positively associated with their perception about how often others in their 6 municipalities recycle. Similar evidence was obtained by Oskamp et al. (1991) and Barr (2007) , and further by Corral-Verdugo et al. (2002) and Dahlstrand and Biel (1997) in the context of water conserving behavior and environment-friendly purchasing behavior, respectively.
It should be noted, however, that these studies do not control for simultaneity, common unobserved characteristics and nonrandom group formation. As a result, it is not clear exactly what findings in these studies imply. That is, a positive association between social norms and pro-environmental behavior may emerge from the endogenous social effect, the correlated effect, or from both. Distinguishing between these effects is important because they imply different predictions for the impact of public policy (Manski, 2000; Moffit, 2001) . Specifically, endogenous social effects imply that the effect of an intervention on the initial individual spills over to members in his/her social group. Suppose, for example, that by participating in an information program where one learns the seriousness of global warming, an individual becomes environmentally conscious and then starts an energy-saving practice. In the presence of an endogenous social effect, this will, in turn, motivate members in his/her social group to start the same practice. The effect of such a program will, therefore, be even larger than one may think. In contrast, spillover will not occur with correlated effects; the program may influence participants in the program but not others.
Survey Design, Variable Definition and Data Set

Survey Design
In this study, we use data from a Japanese household survey on energy-saving behavior. In a collaborative project with Japanese Ministry of the Environment, Sophia University and Dokkyo University conducted the survey in Soka City, a typical suburb of Tokyo (approximately 25 7 kilometers away from Tokyo). The population of the city is approximately 240,000 with a population density of 8.9 thousand persons per square kilometer. Although the population is not large, the density is high in comparison to the average in Japan (approximately 0.3 thousand persons per square kilometer). As Soka City is not necessarily a representative city in Japan, our results should not be interpreted as indicating the general tendency of people in Japan.
The survey was implemented in the following procedure. Twelve hundred households were randomly selected from all households in Soka City. Data collectors visited the households from January 7 to February 7, 2011 and provided a questionnaire to a member of each household with an explanation that they would receive a book coupon worth 500 yen by participating in the survey. At a later date, the data collectors revisited the households to collect the questionnaires.
Because we used a door-to-door survey method, the response rate is high (59.5 percent), corresponding to replies from 714 households. After removing the respondents with incomplete answers, the sample size for analysis becomes 529.
A variety of aspects related to energy-saving behavior were inquired about in the survey. In particular, it asked the respondents the extent to which they implement simple energy-saving practices regarding air-conditioners, gas heaters, oil heaters, water heaters and some other electric devices that are recommended by the Energy Conservation Center, Japan (ECCJ, 2010). Among those energy-saving practices, we examine two practices regarding air-conditioners: setting the air-conditioner temperature at (1) 28 degree Celsius (or higher) in summer and (2) 20 degree Celsius (or lower) in winter. Our focus on these practices is motivated by several factors.
First, these practices are relevant to most of the respondents, as almost all households own airconditioners that typically require setting a target temperature. Second, the 28 degree Celsius setting in summer is one of the most well-known energy-saving practices to the respondents, as it 8 was heavily promoted through mass media such as TV, internet and newspapers in a Japanese government's campaign, the so-called "Cool-biz campaign."
1 The 20 degree Celsius setting in winter is also a well-known practice, though not promoted by the government as much as the 28 degree Celsius setting in summer.
Variables Used for Analysis and Their Summary Statistics
In this subsection, we first describe variables used for our analysis and then present their summary statistics. The choice variables we examine are based on the following survey items:
"(D)o you set the air-conditioner temperature at 28 Celsius degree or higher in summer?" and "(D)o you set the air-conditioner temperature at 20 Celsius degree or lower in winter?" For each of the questions, the respondents were asked to choose from "regularly," "sometimes" or "not at all." We create two indicator variables, each of which takes one if the respondent chose "regularly" for the corresponding practice. Although it is possible to extract more information from the data by using ordered information without combining the "sometimes" and "not at all" categories, we refrain from adopting an ordered choice framework for a computational reason.
As will be detailed in the next section, we use a game theoretic approach in our econometric model to determine which combinations of choices are possible equilibria. If we model ordered choices instead of binary choices, the strategy space will become very large and as a result, estimation will be computationally expensive, if not impossible.
Social norms among a group of friends are particularly considered in this study. Regarding the social norm for the practice in summer, we use the following survey item: "how many of 9 your five closest friends regularly set the air-conditioner temperature at 28 Celsius degree or higher in summer?" The share of closest friends who the respondent thinks regularly do so is used as a variable representing the social norm in his/her social group. In an analogous manner, we also create a social norm variable for the 20 degree Celsius setting in winter.
As the survey does not provide information about neighbors or how the respondents think of neighbors' energy-saving practices, we do not address the influence of social norms among neighbors that may also be relevant to energy conservation behavior (e.g., Alcott, 2011; Hage et al., 2009; Göckeritz et al., 2010; Nolan et al., 2008) and pro-environmental behavior in general (Corral-Verdugo et al., 2002; Dahlstrand and Biel, 1997) . Notwithstanding, our results will suggest whether previous studies overestimated the influence of social norms among neighbors.
This is because the estimation issues we are facing are inherent in estimating social interaction effects.
In addition to social norms, socio-demographic and household factors may also influence the respondents' energy-saving practices. Our models therefore includes age, a dummy for being male, a dummy for a bachelor's degree or higher, a dummy for being concerned about environmental issues, a dummy for low income (annual income less than 2 million yen), a dummy for high income (annual income more than 10 million yen), the number of household members, a dummy for ownership of the house and the number of rooms in the house. The models further include two variables that represent the temperatures at which the respondents feel comfortable in summer and in winter. Table 2 exhibits the relationship between the probability of implementing the practice in summer and the number of one's closest friends who do so. The probability seems to be increasing in the strength of the social norm. When none of the friends is engaged in the practice, the probability is 0.31; when three are engaged in the practice, the probability becomes 0.59; it increases up to 0.77 when all of five friends are engaged in the practice. As presented in Table 3 , a similar pattern is observed for the practice in winter.
To further describe the relationship, we estimate a naive probit model where the dependent variable is an indicator variable for the practice in summer (winter) and an explanatory variable is the share of friends who are engaged in the practice in summer (winter). Column 1 in Tables 4 and 5 present the estimation results for summer and winter, respectively. For each of the practices, the coefficient on the share is found to be positive and significant at the 1% level. Even after controlling for various factors, we find that for each of the practices, the coefficient remains positive and significant at the 1% level (Columns 2 in Tables 4 and 5 ). Overall, these results suggest that energy-saving practices are positively and significantly correlated with social norms, consistent with those in previous-survey based studies. It is, however, unclear whether this positive correlation is due to the endogenous social effects or correlated effects since the reduced-form coefficient on the social norm variable may be a result of the endogenous social effects, the correlated effects or both (Manski, 1993) . 
The Model and Estimation
The econometric model is based on the model of binary choice with endogenous social effects and correlated effects (Brock and Durlauf 2001; Krauth 2006) . In order to allow for observed correlations across energy saving behaviors of friends, the model incorporates three primary elements: simultaneity, nonrandom group selection, and common random shocks. As our model heavily relies on Krauth's model, see Krauth (2006) for further details.
Preferences and Choices
Economic agents are individuals, each of whom belongs to a particular peer group. g denotes groups, and i denotes individuals within each group. Each peer group is composed of n g individuals. No groups are overlapped. The size of group g, n g , is finite and exogenously given.
Each individual makes a decision whether to implement an energy saving practice, y gi ∈{0,1}. The individual's utility depends on his or her own choice of energy saving practice, choices of other group members in his/her group, and his/her own exogenous characteristics.
Specifically, the utility function u gi (y gi ; y g , x gi ) is such that:
(1; , ) (0; , ) ,
where x gi is a vector of constant and exogenous characteristics which are observable in the data, y g is a vector of choices made by the members of the group, ε gi captures exogenous characteristics that are not observed in the data, and gi y is the average choice made by the other group members:
Each individual can observe his/her characteristics (x gi , ε gi ) and the number of other group members for whom y gj = 1, j ≠ i (as well as his/her own choice y gi ) but not characteristics of other group members (x gj , ε gj ), j ≠ i. On the one hand, the parameter γ ≥ 0 is the endogenous social effects; if γ > 0, an individual's incentive to choose to implement the energy saving practice is increasing in the fraction of his/her peers that do so. On the other hand, correlation of ε gi across members of a given peer group introduces correlated effects due to nonrandom group selection and common random shocks into the model. For example, in the case of n g = 3, the joint distribution of characteristics across group members is assumed to take the form as follows: 
where ρ x ∈{−1/(n g -1), 1} and ρ ε ∈{−1/(n g -1), 1}. The distribution is symmetric since the ordering of group members is arbitrary, and ε gi is normalized to have mean zero and unit variance. As in the standard probit model, the observable and unobservable characteristics are assumed to be uncorrelated, i.e., cov(ε gi , βx gi ) = 0. It is also assumed that there is no correlation between one group member's observables and the unobservables of the other group members, i.e., cov(ε gi , βx gj ) = 0 for i ≠i.
Equilibruim
Individuals' strategies are, for all i = 1,…,n g , 1
(1; , ) (0; , ) 0 ( , An equilibrium selection rule is a function, sel(y,Y), which assigns a probability to each pure strategy Nash equilibrium:
, and sel(y,Y) = 0 if yY. Specifically, this study adopts the low-activity equilibrium selection rule as in Krauth (2006) . To put it in different words, we assign probability one to the equilibrium with the lowest value of 
Identifying Restrictions
The model is nonparametrically identified under plausible restrictions. In particular, the 14 equal correlation restriction in the same spirit of Altonji et al. (2005) , who attempt to identify the effect of Catholic school on students' outcomes separately from the effect of unobserved characteristics, is imposed in our empirical study on energy saving practice: ρ ε = ρ x ≡ ρ. The equal correlation restriction stems from the following idea. Suppose that the complete vector of each individual's relevant characteristics is randomly divided into observed and unobserved characteristics. The correlations of observables across peer group members are expected to be equal to the correlations of unobservables across the group members.
Estimation
Due to nonoverlapping peer groups, we can omit the index of an individual i within a group g for observed characteristics: x g = x gi . The data set thus consists of N observations: (x g , y g ) for g = 1,…,N. Let θ 0 Θ be the true parameter vector, and let θ be arbitrary elements of Θ. The simulated maximum likelihood (SML) estimator of θ 0 is defined as 
Estimation Results
Basic Estimation Results
The third columns in Tables 4 and 5 Hence, the basic estimates from the structural models imply that close friends are less influential to individuals' decisions on energy-saving behavior than previously thought.
To see the extent of the influence of close friends on individuals' energy-saving behavior, let us consider a representative individual. A representative individual is such that his/her probability of implementing the practices under question is equal to the average (36.86% for airconditioning temperature setting in summer and 30.99% in winter), and that he/she has no close friends implementing the practices. Table 6 Regarding individuals' characteristics, our results indicate that older people are less likely to implement the practices; as age increases by one, the probability of implementing the practices for summer and winter will decline by 0.002 and 0.003, respectively. Individuals with higher comfortable temperature in summer and those with lower comfortable temperature in winter are more likely to implement the practices. Specifically, one degree increase (decrease) in comfortable temperature is associated with a six (five) percentage increase in the probability of implementing the practice in summer (winter).
We also found that individuals who live with less household members are more likely to implement the practices, possibly because it is easier for everyone to agree with a temperature setting if the number of household members is smaller. The estimated coefficients on income dummies are not statistically significant, as in previous empirical results (e.g., Hage et al., 2009 ).
We further found that individuals who are interested in environmental issues are more likely to be engaged in the practices. One might be concerned about the endogeneity of this variable, due to which coefficient estimates on the other variables suffer from bias. To check whether this is the case, we estimate models where the variable of interest in environmental issues is excluded. As shown in the fourth columns in Tables 4 and 5 , similar results hold in the models, suggesting that our main results are not driven by the endogeneity of interest in environmental issues.
Bounds on Endogenous Social Effects
The above results are based on estimation under the equal correlation restriction in observables and unobservables. Endogenous social effects turn out to be smaller than those in the previous survey-based studies once we take into account correlated effects as pointed out by Manski (1993) . Therefore, we may consider an alternative restriction on correlated effects, which are no larger than the estimates under the equal correlation restriction. In particular, if we impose an alternative interval restriction such that the correlation in unobservables is no more than the estimated correlation in observables, and no less than half of the estimated correlation in 
Conclusion
In this study, we used data from a Japanese household survey and examined the influence of social norms on energy-saving practice, in particular, social norms among close friends. Unlike  19 previous survey-based studies, this study adopted a structural estimation approach and dealt with simultaneity and between-peer correlation in unobserved characteristics that are inherent in the estimation of social interaction effects. We found that the endogenous social effects are insignificant or small, if any. In contrast, a standard reduced-form method provides large and significant estimates of the effects. These results suggest that (1) standard methods often used in previous survey-based studies may severely overestimate the influence of social norms and (2) large and significant coefficients on social norm variables in reduced-form studies seem to mainly reflect correlated effects, not endogenous social effects.
It should be mentioned that some studies in the literature do not rely on cross-sectional surveys. Instead, they use randomized natural field experiments in which the methodological issues, i.e., simultaneity and correlation in unobserved characteristics, are adequately controlled for. Those studies found that social norms play an important role in shaping individuals' proenvironmental behavior. For example, Goldstein et al. (2008) conducted several field experiments and found that hotel guests who were informed that "the majority of guests in this room reuse their towels" are more likely to reuse their own towels than those who were simply informed about environmental impacts of washing guest towels daily. Using data from field experiments run by a company named Opower, Allcot (2011) found that the electricity use of residential utility customers who were informed of their neighbors' electricity use was decreased by 2% on average.
We are not against these findings. Indeed, despite our evidence, we do not claim that social Note: The number of the observation is 529 except for variables with * whose sample size is 313. Note: This tables presents by how much a representative individual's probability of doing the energysaving practice increases when f (= 1,…,5) friends come to be engaged in the practice. ***, **, and * represent the statistical significance at the 1, 5, and 10 percent levels, respectively. Standard errors are in parentheses. Note: The blue point represents the point estimate from the naive probit model, while the purple one corresponds to the point estimate from the structural model with the equal correlation restriction. Relaxing the equal correlation restriction, each point on the dotted orange line 'structural model with alternative restrictions' represents the relationship between endogenous effects and correlated effects when the structural model is estimated given a fixed value of correlated effects. The line 'bounds' represent the relationship from the structural model with an alternative interval restriction on correlated effects such that the correlation in unobservables is no more than the estimated correlation in observables under the equal correlation restriction and no less than half of the estimated correlation in observables. Upper bound of 95% confidence interval
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